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To ascertain whether on animal farms there reside extended-spectrum �-lactamase (ESBL) and plasmidic
class C �-lactamase-producing Escherichia coli isolates potentially pathogenic for humans, phylogenetic anal-
yses, pulsed-field gel electrophoresis (PFGE) typing, serotyping, and virulence genotyping were performed for
86 isolates from poultry (57 isolates) and pig (29 isolates) farms. E. coli isolates from poultry farms carried
genes encoding enzymes of the CTX-M-9 group as well as CMY-2, whereas those from pig farms mainly carried
genes encoding CTX-M-1 enzymes. Poultry and pig isolates differed significantly in their phylogenetic group
assignments, with phylogroup A predominating in pig isolates and phylogroup D predominating in avian
isolates. Among the 86 farm isolates, 23 (26.7%) carried two or more virulence genes typical of extraintestinal
pathogenic E. coli (ExPEC). Of these, 20 were isolated from poultry farms and only 3 from pig farms. Ten of
the 23 isolates belonged to the classic human ExPEC serotypes O2:H6, O2:HNM, O2:H7, O15:H1, and O25:H4.
Despite the high diversity of serotypes and pulsotypes detected among the 86 farm isolates, 13 PFGE clusters
were identified. Four of these clusters contained isolates with two or more virulence genes, and two clusters
exhibited the classic human ExPEC serotypes O2:HNM (ST10) and O2:H6 (ST115). Although O2:HNM and
O2:H6 isolates of human and animal origins differed with respect to their virulence genes and PFGE pulso-
types, the O2:HNM isolates from pigs showed the same sequence type (ST10) as those from humans. The single
avian O15:H1 isolate was compared with human clinical isolates of this serotype. Although all were found to
belong to phylogroup D and shared the same virulence gene profile, they differed in their sequence types
(ST362-avian and ST393-human) and PFGE pulsotypes. Noteworthy was the detection, for the first time, in
poultry farms of the clonal groups O25b:H4-ST131-B2, producing CTX-M-9, and O25a-ST648-D, producing
CTX-M-32. The virulence genes and PFGE profiles of these two groups were very similar to those of clinical
human isolates. While further studies are required to determine the true zoonotic potential of these clonal
groups, our results emphasize the zoonotic risk posed especially by poultry farms, but also by pig farms, as
reservoirs of ESBL- and CMY-2-encoding E. coli.

Extended-spectrum �-lactamases (ESBL) and plasmidic
class C �-lactamases have emerged as clinically relevant anti-
microbial resistance mechanisms. Enterobacteriaceae harboring
these enzymes include pathogens of animals and humans and
commensals of their intestinal tract, such as Escherichia coli, a
potential reservoir of these resistances. Recently, we demon-
strated that farms are an important source of E. coli isolates
carrying the genes encoding both types of lactamases (2, 22)

and identified the conjugative plasmids harboring these resis-
tances (3).

Some pathotypes of E. coli are capable of causing intestinal
diseases, while others, referred to as extraintestinal pathogenic
E. coli (ExPEC), are responsible for extraintestinal infections.
Usually, commensal E. coli isolates harbor no or only very few
virulence factors (VFs), while ExPEC isolates have specialized
VFs enabling them to colonize host surfaces, injure host tis-
sues, and avoid or subvert host defense systems (15). ExPEC
isolates have been implicated in a wide range of human and
animal infections. Human ExPEC, avian pathogenic E. coli
(APEC), and other animal ExPEC isolates significantly overlap
with respect to their O antigens, phylogenetic groups, and
virulence genotypes (1, 5, 6, 8, 17, 26). Furthermore, some
APEC strains appear to belong to the same clonal groups as
human ExPEC isolates (18, 23, 24). Studies of E. coli isolates
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from humans have shown that commensal isolates are charac-
teristically derived from E. coli phylogenetic group A or B1,
while intestinal pathogenic E. coli types belong to phylogenetic
group A, B1, or D. In contrast, ExPEC isolates typically are
assigned to E. coli phylogenetic group B2 and, to a lesser
extent, group D (16).

There are many reports in the literature describing the mo-
lecular characteristics of E. coli isolates from human clinical
samples and from sick animals, and several studies have exam-
ined the degree of molecular similarities between pathogenic
isolates of animal versus human origin. However, little is
known about the characteristics of E. coli isolates from food-
producing animal farms, although isolates from these sources
may well pose a risk for human health. A recent study sug-
gested that not only the intestine but also the external envi-
ronment of healthy chickens acts as a reservoir for ExPEC with
zoonotic potential (13). In previous work, we showed that
farms are indeed reservoirs of isolates expressing ESBL and
plasmidic class C �-lactamases (2, 3, 22). Our findings were
based on analyses of ESBL- and CMY-2-expressing E. coli
isolates present in fecal material obtained from poultry and pig
farms where the animals did not show sign of E. coli infection.
We have now expanded this study to ascertain whether E. coli
farm isolates carrying these mechanisms of resistance are po-
tentially pathogenic for humans. Accordingly, poultry and pig
isolates were compared with respect to phylogenetic group,
ESBL and CMY-2 types, virulence profile, sequence type (ST),
and pulsed-field gel electrophoresis (PFGE) pulsotypes. Fi-
nally, animal isolates belonging to classical ExPEC serotypes
were compared with E. coli strains known to cause extraintes-
tinal infections in humans.

MATERIALS AND METHODS

E. coli isolates. The study material consisted of 86 ESBL- and CMY-2-pro-
ducing E. coli isolates obtained during 2003 from the floors of poultry (59
isolates) and pig (27 isolates) farms located in different geographic areas of
northeast Spain (Catalonia) (2, 22). None of the animals was suspected of
harboring an E. coli infection. Also, 80 human isolates causing extraintestinal
infections (urinary, sepsis, or meningitis) were included in the study for purposes
of comparison. These were obtained from patients with extraintestinal infections
admitted to two hospitals in Galicia (northwest Spain).

The E. coli reference strains ECOR 1 (A), ECOR 30 (B1), ECOR 39 (D), and
ECOR 65 (B2) were used as positive controls for phylogenetic grouping by PCR.
The following E. coli strains were used as positive controls for ExPEC charac-
terization and virulence gene detection: J96 (sfa/focDE, papA, and papC),
CCUG31249 (kpsM II); FV35 (afa/draBC); CFT073 (iucD and tsh), FV7561
(afa/draBC, iucD, and kpsM II); Ec9192 (sfa/focDE, iucD, kpsM II, ibeA, neuC-
K1, tsh, and fimAvMT78), Ec9180 (papC, papG II, sfa/focDE, hlyA, cnf1, iucD, and
kpsM II), and Ec9182 (papC, papG III, sfa/focDE, hlyA, cnf1, iucD, and kpsM II)
(26, 27).

Antimicrobial susceptibility test. Susceptibility to �-lactam antibiotics and
characterization of �-lactamase were determined as previously described (2).
Susceptibility to other antimicrobials was tested by the disc diffusion method,
following CLSI recommendations (12). For statistical studies, the median num-
ber of resistance markers to non-�-lactam antibiotics for each isolate was calcu-
lated.

Phylogenetic analysis. All isolates were assigned to one of four phylogenetic
groups (A, B1, B2, or D) based on the results of multiplex PCR, as previously
described (9).

Virulence genotyping. Virulence gene carriage was analyzed as described else-
where (15) using primers specific for 12 genes and operons encoding virulence
factors (VFs) characteristic of ExPEC. These consisted of adhesins: pyelonephri-
tis-associated pili (papA and papC), S and F1C fimbriae (sfa/focDE), Dr-binding
adhesins (afa/draBC), and the fimA variant MT78 allele of type 1 fimbriae
(fimAvMT78); the three toxins �-hemolysin (hlyA), cytotoxic necrotizing factor

(cnf1), and temperature-sensitive hemagglutinin serine protease (tsh); one ferric
aerobactin receptor (iucD); and three protection/invasion-encoding genes cor-
responding to the group II capsule gene (kpsM II), the K1 kps variant (neuC-K1),
and the invasion of brain endothelium gene (ibeA). The papC-positive strains
were further tested for papG I, papG II, and papG III alleles. All assays were
carried out in duplicate using independently prepared boiled lysates of each
isolate. For further studies, the median of the VFs per isolate was calculated.

Conventional serotyping and molecular subtyping of the O25 serogroup. The
presence of O and H antigens was determined by a previously described method
(14), in which all available O (O1 to O185) and H (H1 to H56) antisera were
used. The antisera were absorbed with the corresponding cross-reacting antigens
to remove nonspecific agglutinins. The molecular subtypes O25a and O25b were
identified based on a recently described molecular approach involving allele-
specific PCR (10).

PFGE analysis. XbaI PFGE analysis was carried out as previously described
(23). Profiles were analyzed with the BioNumerics fingerprinting software (Ap-
plied Maths, St.-Martens-Latem, Belgium). Cluster analysis of the Dice similarity
indices based on the unweighted pair group method using average linkages
(UPGMA) was done to generate a dendrogram describing the relationship
among PFGE profiles. Isolates were considered to be related and to belong to
the same PFGE cluster if their Dice similarity index was �85%, according to
Tenover’s criteria (�6 bands of difference) (31).

ST determination. Multilocus sequence typing (MLST) was carried out as
previously described (23). The seven housekeeping genes (adk, fumC, gyrB, icd,
mdh, purA, and recA) were amplified and sequenced using the primers and
protocol specified on the E. coli MLST website (http://mlst.ucc.ie/mlst/dbs
/Ecoli). Sequences were reviewed by visual inspection with BioEdit Sequence
Alignment Editor (version 7.0.9; Ibis Biosciences). The ClustalW2 program was
used for sequence alignment. The allelic profile of the seven gene sequences and
the STs were obtained via the electronic database at the E. coli MLST website.

Statistical methods. Comparisons of proportions were analyzed using chi-
square statistics (Fisher’s exact test for 2-by-2 tables). Nonparametric statistics
(Mann-Whitney U test) were used to compare VFs and the non-�-lactam-resis-
tance medians. The significance level was fixed at 5%.

RESULTS

Phylogenetic groups. PCR analysis of the 86 isolates showed
that phylogroups A (22.8%), B1 (38.6%), and D (31.6%) were
predominant among isolates from poultry farms, whereas phy-
logroups A (55.2%) and B1 (34.5%) were the most frequently
detected among isolates from pig farms. Poultry and pig iso-
lates differed significantly in their phylogenetic group assign-
ments, with phylogroup A more prevalent among pig isolates
(P � 0.05) and phylogroup D associated with isolates of avian
origin (P � 0.05) (Table 1).

Antibiotic resistance. As shown in Table 1, �-lactamases of
group CTX-M-9 (64.9%) and type CMY-2 (17.5%) were sig-
nificantly associated with poultry isolates (P � 0.001 and P �
0.015, respectively), while CTX-M-1 group enzymes (69.0%)
were significantly associated only with isolates from pig farms
(P � 0.001). In addition, resistance to nalidixic acid (93.0%)
was significantly (P � 0.001) present in poultry farms. No
significant difference was noted with respect to the median of
non-�-lactam resistance.

Virulence genes. The isolates were also analyzed for the
presence of 12 virulence genes (Table 1). In 56% of the isolates
from poultry farms, at least one virulence gene was detected.
The frequencies with respect to the total poultry isolates were
as follows, in descending order: iucD, 43.9%; tsh, 21.1%; papA/
papC, 17.5%; kpsM II, 14.0%; fimAvMT78, 12.3%; and ibeA and
sfa/focDE, 1.8% each. The virulence genes afa/draBC, hlyA,
cnf1, and neuC-K1 were not detected. Furthermore, 41% of
the isolates from pig farms also carried at least one virulence
gene: tsh, 24.1%; fimAvMT78, 17.2%; and papA/papC, iucD, and
kpsM II, 3.4% each. The genes afa/draBC, hlyA, cnf1, ibeA,

2800 CORTÉS ET AL. APPL. ENVIRON. MICROBIOL.



neuC-K1, and sfa/focDE were not detected. Poultry and pig
isolates differed significantly in two virulence genes, papC (P �
0.05) and iucD (P � 0.001), which were more frequently de-
tected in poultry. Among the 86 farm isolates, 23 (26.7%)
carried two or more virulence genes typical of ExPEC; of
these, 20 were isolated from poultry farms and only 3 were
from pig farms (P � 0.05).

Serotypes. The high diversity of serotypes was reflected in
the 34 O serogroups and 52 O:H serotypes identified (see
Table S1 in the supplemental material). The most frequent O
serogroups were O2 (8 isolates); O8 (5 isolates); O25 and O64
(4 isolates each); and O16, O20, O29, O103, and O112 (3
isolates each). Classic human ExPEC serotypes were only de-
tected in 11 isolates belonging to serotypes O2:H6, O2:H7,
O2:HNM, O15:H1, and O25:H4.

PFGE profiles. In accordance with the broad diversity es-
tablished by serotyping, XbaI macrorestriction profiles ob-
tained by PFGE showed a high heterogeneity among the 86 E.
coli isolates. However, PFGE also revealed 13 clusters showing
�85% similarity (11 clusters from poultry farms and 2 from pig

farms), which included 33 of the 86 isolates. (Fig. 1) The
pulsotypes of the remaining 53 isolates were unrelated. Isolates
of each cluster shared the same serotype, phylogenetic group,
and �-lactamase, with the exception of members of clusters 8,
9, and 10. Four clusters (no. 6, 8, 11, and 12) included isolates
with two or more virulence genes isolated from different farms.
Notably, two of these clusters (no. 8 and 12) included isolates
belonging to classic human ExPEC serotypes.

Characteristics of isolates with two or more virulence genes.
Analysis of the 23 isolates carrying two or more virulence genes
with respect to �-lactamases showed that they carried enzymes
of the CTX-M-9 group (43.4%), CMY-2 (30.4%), CTX-M-1
group (13%), and SHV type (8.7%). The majority of the iso-
lates (48%) belonged to phylogenetic group D and the remain-
der to groups A (26%) and B1 (22%). Only one isolate be-
longed to phylogenetic group B2 (4%). With reference to
serotyping, 10 isolates (43.5%) belonged to classic human
ExPEC serotypes O2:H6 (n � 4), O2:HNM (n � 3), O2:H7 (n �
1), O15:H1 (n � 1), and O25:H4 (n � 1). The serotypes of the
other 13 farm isolates were highly heterogeneous.

Comparison of farm isolates of classic ExPEC serotypes
with human clinical isolates. With the purpose of comparing
those animal isolates of serotypes O2:HNM and O2:H6 with
human isolates of the same serotypes, 61 clinical O2 isolates
causing extraintestinal infections (urinary, sepsis, and menin-
gitis) in humans were analyzed. The most prevalent O:H se-
rotypes observed in human isolates were O2:HNM (24 iso-
lates), O2:H4 (16 isolates), O2:H6 (14 isolates), and O2:H1 (6
isolates). Thus, 62.3% of these human isolates belonged to
O2:HNM and O2:H6 detected among isolates from poultry
and pig farms. Most (73.7%) of the human isolates belonged to
phylogroup B2, none of the O2:H6 isolates belonged to phy-
logroup D, and only three of the O2:HNM isolates belonged to
phylogroup A. The phylogroups, sequence types, PFGE pul-
sotypes and virulence genes of six of these clinical isolates of
the O2:HNM and O2:H6 serotypes were compared with three
pig O2:HNM and four poultry O2:H6 isolates (Fig. 2). Avian
farm isolates of serotype O2:H6 belonged to phylogroup D and
ST115, while human clinical isolates of this serotype be-
longed to phylogroup B2 and ST998. Furthermore, they
differed in their background of virulence genes and PFGE
pulsotypes. The three pig isolates and two human clinical
isolates of serotype O2:HNM belonged to phylogroup A and
ST10. No similarities were found with respect to virulence
genes and PFGE pulsotypes. The remaining O2:HNM hu-
man isolate of phylogroup A showed a different sequence
type (ST73). Human O2:H6 and O2:HNM isolates were
negative for ESBL and CMY-2 enzymes, in contrast to iso-
lates from poultry farms (positive for CMY-2) and pig farms
(positive for SHV-5).

In the same way, the only O15:H1 avian isolate was com-
pared with two human clinical isolates of this serotype. Al-
though all shared the phylogroup D and the virulence gene
profile, they differed in their sequence types (ST362-avian and
ST393-human) and PFGE pulsotypes (Fig. 3). Whereas the
poultry isolate expressed CTX-M-1, the two O15:H1 human
clinical isolates were positive for CTX-M-14.

Finally, the phylogroups, sequence types, PFGE pulsotypes,
and virulence genes of the four animal farm isolates belonging
to serogroup O25 (O25a and O25b subtypes) were compared

TABLE 1. Phylogenetic group distribution, antimicrobial
susceptibility, and virulence factors of isolates

from poultry and pig farms

Trait

No. (%) of isolates from
farms raisinga:

Poultry (n � 57) Pigs (n � 29)

Phylogenetic groups
A 13 (22.8) 16 (55.2)†
B1 22 (38.6) 10 (34.5)
B2 4 (7.0) 1 (3.4)
D 18 (31.6)† 2 (6.9)

�-Lactamase types
CTX-M-9 group 37 (64.9)* 0
CTX-M-1 group 3 (5.3) 20 (69.0)*
SHV 5 (8.8) 9 (20.7)
TEM 2 (3.5) 0
CMY-2 10 (17.5)† 0

Non-�-lactam resistanceb

Nalr 53 (93.0)* 15 (51.7)
Cipr 20 (35.1) 7 (24.1)
Median 2 3

VFs
papA 2 (3.5) 1 (3.4)
papC 8 (14.0)† 0
sfa/focDE 1 (1.8) 0
afa/draBC 0 0
iucD 25 (43.9)* 1 (3.4)
kpsM II 8 (14.0) 1 (3.4)
hlyA 0 0
cnf1 0 0
ibeA 1 (1.8) 0
neuC-K1 0 0
fimAvMT78 7 (12.3) 5 (17.2)
tsh 12 (21.1) 7 (24.1)
Median 1 0

Isolates with �2 virulence
genes

20 (35.1)† 3 (1.0)

a �, P � 0.001; †, P � 0.05.
b Nalr, nalidixic acid resistance; Cipr, ciprofloxacin resistance.
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with 17 human clinical isolates of the same serogroup (Fig. 4).
It is noteworthy that the PFGE profile of one poultry isolate
(GOC024) showed a 96.6% similarity to that of a human clin-
ical isolate (FV10826). Moreover, it is also remarkable that
both isolates belonged to phylogenetic group D, molecular
subtype O25a; they also had a shared sequence type (ST648).
In addition, they carried both the gene encoding the CTX-
M-32 enzyme and the virulence genes kpsM II, papG II, and
iucD. Of particular interest was the presence of a cluster that
comprised four O25b:H4-ST131 isolates but with a similarity of
81%. All of them (three human clinical isolates and one isolate
from a poultry farm), which also shared expression of the

CTX-M-9 enzyme, belonged to phylogenetic group B2 and
carried three virulence genes in common (kpsM II, iucD, and
ibeA).

Interestingly, we detected two human isolates of serotype
O25a:H1 that had the molecular subtype ST393 typical of
human O15:H1 isolates. In addition, these O25a:H1 isolates
carried the same background of virulence genes (kpsM II,
papG II, fimAvMT78, and iucD). Consequently, we compared
the PFGE profiles of these two O25a:H1 human isolates with
those of the two O15:H1 human isolates. The two O25a:H1
isolates were found to cluster with the two O15:H1 isolates,
showing 91.2% similarity (Fig. 3).

FIG. 1. XbaI PFGE dendrogram of 13 clusters (similarity, �85%) including 33 isolates of poultry and porcine origins. The dendrogram was
produced by the UPGMA algorithm based on a Dice similarity coefficient with a 1.0% band position tolerance (Tol).

FIG. 2. XbaI PFGE dendrogram of 13 isolates belonging to serotypes O2:HNM and O2:H6 of human and farm origins. The dendrogram was
produced by the UPGMA algorithm based on a Dice similarity coefficient with a 1.0% band position tolerance.
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DISCUSSION

The aim of this work was to investigate the potential zoo-
notic risk of ESBL- and CMY-2-producing E. coli isolates from
poultry and pig farms, due to the relevance of these mecha-
nisms of resistance in human clinical. To this end, the phylo-
genetic origin, antimicrobial resistance to non-�-lactam anti-
biotics, serotype, PFGE profile, and presence of several VFs
were studied in 86 ESBL- and CMY-2-producing E. coli iso-
lates obtained from poultry and pig farms. To our knowledge,
this is, remarkably, the first study to analyze the serotypes and
sequence types of ESBL- and CMY-2-producing E. coli iso-
lates from farms, allowing the identification of new clonal
groups, some of which show classical ExPEC serotypes associ-
ated with extraintestinal infections in humans.

Our results statistically corroborated previous findings (2)
showing that E. coli isolates from poultry farms carried genes
encoding enzymes of the CTX-M-9 group as well as the en-
zyme CMY-2, whereas isolates from pig farms were found to
carry mainly genes encoding enzymes of the CTX-M-1 group.
In addition, resistance to nalidixic acid was significant in poul-
try farms. The possible reasons for this have been discussed
elsewhere (2). Poultry and pig isolates differed significantly in
their assignments to phylogenetic groups, with phylogroup A
being more prevalent among pig isolates than among poultry

isolates, whereas phylogroup D was associated with isolates of
avian origin. Several studies have suggested that virulent clonal
groups of human ExPEC isolates are derived primarily from
phylogroup B2 and to a lesser extent from phylogroup D (19).
In the present study, only 7.0% of the poultry isolates and 3.4%
of the pig isolates belonged to phylogroup B2, while signifi-
cantly, 31.6% of poultry isolates versus 6.9% of pig isolates
belonged to phylogroup D. Based on the phylogroup distribu-
tion, isolates from poultry origin are more likely to be patho-
genic than those of pig origin. This possibility is supported by
the virulence gene profiles, as 20 of 23 isolates carrying two or
more virulence genes were of avian origin. Furthermore, most
of those isolates belonged to phylogroup D.

It has been shown that APEC, uropathogenic E. coli
(UPEC), and neonatal meningitis E. coli (NMEC) strains are
genetically different from one another, such that a classifica-
tion of ExPEC strains into subpathotypes has been proposed
(19). According to this classification, the majority of APEC
strains belong to phylogenetic groups A and D, while strains of
the two human pathotypes are mostly from group B2 (19, 20).
In the present study, most of the isolates carrying two or more
virulence factors from poultry farms belonged to group A
(15%) or D (55%), with characteristics similar to those of the
APEC subpathotype. Other authors have reported different

FIG. 3. XbaI PFGE dendrogram of five isolates belonging to serotypes O15:H1 and O25a:H1 of human and farm origins. The dendrogram was
produced by the UPGMA algorithm based on a Dice similarity coefficient with a 1.0% band position tolerance.

FIG. 4. XbaI-PFGE dendrogram of 21 isolates belonging to O25 serogroup of human and farm origin. The dendrogram was produced by the
UPGMA algorithm based on a Dice similarity coefficient with a 1.0% band position tolerance.
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findings. For example, 42% of UPEC isolates (33) and 44.5%
of APEC isolates (13) were shown to belong to groups D and
B2, respectively. Our data, however, corroborate the hypoth-
esis of Johnson et al. (17): i.e., that E. coli detected in retail
meats derives primarily from the microbiota present in the
poultry environment, as the phylogenetic group distribution
and virulence gene profiles in the poultry isolates of our study
were similar to those of E. coli isolate from retail chicken
products in the United States (17).

The serotyping of E. coli O and H antigens is an established
method to identify major bacterial clonal types, trace out-
breaks of infection, detect disease reservoirs, and follow the
emergence and spread of new pathogenic and/or resistant
strains (7). To our knowledge, ours is the first study analyzing
the serotypes of poultry and pig E. coli isolates producers of
different ESBL types and CMY-2. Among the high diversity of
serotypes that were found, with a total of 52 O:H serotypes, 5
(O2:H6, O2:H7, O2:HNM, O15:H1, and O25:H4) were con-
sidered as classic human ExPEC serotypes (4, 15, 20). Inter-
estingly, 10 (90.9%) of the 11 animal isolates belonging to the
cited ExPEC serotypes carried two or more virulence genes, in
contrast to only 13 (17.3%) of the remaining 75 isolates (P �
0.005).

In accordance with the high diversity identified by serotyp-
ing, PFGE molecular analysis revealed highly heterogeneous
profiles. Nonetheless, 13 PFGE clusters (similarity �85%)
comprised isolates expressing similar traits regarding serotype,
phylogenetic origin, and VF and �-lactamase expression.
Moreover, the majority of clusters included E. coli isolates
obtained from different farms, suggesting the successful expan-
sion of these bacteria among some of the farms studied. Four
of these clusters contained isolates with two or more virulence
genes, and two of them exhibited the classic human ExPEC
serotypes O2:HNM and O2:H6. Nevertheless, a comparison of
these animal isolates with human isolates of the same serotypes
showed differences in the background of virulence genes, se-
quence types, and PFGE pulsotypes. Interestingly, two O2:
HNM human isolates showed the same sequence type (ST10)
as the three O2:HNM pig isolates. Our avian farm CMY-2-
producing isolates of serotype O2:H6 belonged to phylogroup
D and ST115 and thus were of a different ST from the human
clinical CMY-2 isolates from Norway that were reported by
Naseer et al. (25).

Presently, the most important worldwide drug-resistant E.
coli clonal groups causing extraintestinal infections in humans
are O15:H1 ST393 and O25b:H4 ST131 (7, 28). In this study,
only one O15:H1 isolate of avian origin was detected and
compared with two human clinical isolates of this serotype.
Although all of them shared phylogroup D and the virulence
gene profile, they differed in sequence type (ST362-avian and
ST393-human) and PFGE pulsotype. In contrast to the CTX-
M-1-producing poultry isolate, the two O15:H1 human clinical
isolates were positive for CTX-M-14. We have recently de-
tected the emergence of O15:H1 CTX-M-14-producing iso-
lates among E. coli strains causing extraintestinal infections in
humans (unpublished data).

The intercontinental emergence of clonal group O25b:H4-
ST131 producing CTX-M-15 and characterized by an extensive
virulence profile has been reported in hospital and community
settings of several countries (27). Human clinical isolates of

this clonal group are known to produce numerous types of
CTX-M enzymes (7, 11, 29) and even CMY-2 (25). Thus, in
this context, the detection, for the first time, of the O25b:H4-
ST131 clonal group producing CTX-M-9 on poultry farms is
noteworthy. A comparison of the unique poultry isolate with
human isolates of the same clonal group showed that they
possessed a similar virulence profile and PFGE pulsotypes
(similarity 81%). Indeed, the virulence profile of these CTX-
M-9 isolates is very similar to that of an adherent-invasive
human E. coli isolate (21). Recently, Vincent et al. (32) de-
tected one isolate of this clonal group (albeit negative for
ESBL production) in retail chicken. Our own recent findings
suggest that the O25b:H4-ST131 clonal group producing CTX-
M-9 group enzymes is frequently present in retail chicken
products (unpublished data). In the present study, this clonal
group was not identified among isolates from pig farms, al-
though it was previously detected by Schierack et al. (30) in
healthy piglets in Germany and by our group in piglets with
diarrhea in Spain (unpublished data). To date, the porcine
O25b:H4-ST131 isolates identified have not been shown to
produce ESBL enzymes.

Remarkably, ours is the first study demonstrating the pres-
ence of the O25a-ST648-D clonal group producing CTX-M-32
in poultry farms and in human clinical strains. Furthermore,
between the poultry ST648 isolate and one clinical human
isolate a similarity of 96.6% was determined by PFGE analysis;
identical backgrounds of virulence genes were determined as
well.

Interestingly, the two human isolates of serotype O25a:H1
included in this study were of ST393, which is typical of
O15:H1 isolates. A comparison of the two isolates with human
O15:H1 ST393 isolates revealed that they shared the same
background of virulence genes and had very similar PFGE
profiles. As far as we know, this is the first report of an asso-
ciation between ST393 and the O25a:H1 serotype. A similar
phenomenon was described in clonal human uropathogenic
isolates of ST69 (serotypes O17:H18, O15:H18, O17:HNM,
O25:H18, O73:H18, O77/17:H18, ONT:H18, ONT:HNM) and
ST95 (O1:H7, O2:H7, O18:H7) (20). Thus, there seems to be
a better association between ST and H antigen than between O
serogroup and sequence type.

In conclusion, our study provides clear evidence that isolates
from poultry and pig farms differ with respect to ESBL and
CMY-2 enzymes, phylogenetic group, virulence genes, and se-
rotype. Phylogroup distribution and virulence profiles suggest
that isolates from poultry are potentially more pathogenic for
humans than those from pigs. Particular attention should be
paid to the detection in poultry farms of the O25b:H4-
ST131-B2 clonal group, producing CTX-M-9, and the O25a-
ST648-D clonal group, producing CTX-M-32, as their back-
grounds of virulence genes and PFGE profiles are very similar
to those of clinical human isolates. However, further studies
are required to determine the true zoonotic potential of these
clonal groups.
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